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WIRING BOARD AND CIRCUIT J4QPULE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a wiring board that has a 
plurality of wiring films, which are provided between 
interlayer insulating films, and interlayer-connection 
conductor films, which extend through the interlayer insulating 
films and provide electrical connections between the wiring 
films at different layers, and that houses at least one bare 
semiconductor integrated circuit device. The present invention 
also relates to a circuit module having another semiconductor 
integrated circuit device and a passive component that are 
mounted on the wiring board. 

2. Description of the Related Art 

Wireless communication ICs (semiconductor integrated 
circuit devices) for transmitting/receiving high-frequency 
signals and ICs for processing high-speed digital signals are 
susceptible to noise radiated from the surroundings, and the 
ICs also can be radiation-noise generating sources relative to 
other devices. 

Accordingly, in a conventional approach, such ICs are 
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covered with conductive shield caps, which are connected to, 
for example, ground lines (i.e., are grounded), so as to be 
electrostatically shielded from other devices. 

FIG. 1 illustrates a known example of a circuit module 
having a RF-IC (radio- frequency integrated circuit device) ', for 
example, for transmitting/receiving a high-frequency signal or 
for processing a high-speed digital signal. A shield cap is 
provided for the RF-IC to provide electrostatic shielding. 

Reference character 101 indicates a wiring board, and 102 
indicates interlayer insulating films, which are made of a 
synthetic resin. Reference character 103 indicates wiring 
films made of a. conductor, such as copper. Reference character 
104 indicates interlayer-connection conductor films, which 
extend through the interlayer insulating films 102 and which 
provide electrical connections between the wiring films 
provided at different layers. The interlayer-^connection 
conductor films 104 are called via-holes, through-holes, or the 
like. The interlayer-connection conductor films 104 will 
hereinafter be referred to as "via-holes". 

Reference character 105 indicates an IC, which is mounted 
on one surface of the wiring board 101. Reference character 
106 indicates a passive component (e.g., a resistor, a 
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capacitor, a balun circuit, a crystal oscillator, or a filter), 
which is mounted on the surface of the wiring board 101. 
Reference character 107 indicates a RF-IC for, for example, 
transmitting/receiving a high-frequency signal. As described 
above, a shield cap 108 is provided to electrostatically shield 
the top and the periphery (lateral sides) of the RF-IC 107. 
Needless to say, the shield cap 108 is connected to a shield 
potential-point of a ground line or the like. 

According to such a high-frequency circuit module, the 
shield cap 108 can prevent ambient noise from penetrating the 
RF-IC 107 and also can prevent the RF-IC 107 from becoming a 
noise radiation source to other devices. 

Japanese Unexamined Patent Application Publication No. 
2001-77537 discloses an alternative technology for providing 
electrostatic shielding. In the technology, a housing space 
for .housing a bare IC is provided inside a wiring board, and 
shield wiring films are provided above ^and below the housing 
space inside the wiring board and are connected to a ground 
line. Thus, the IC within the housing space is 
electrostatically shielded by the upper and lower shield wiring 
films . 

The known technology shown in FIG. 1, however, requires 
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the attachment of the shield cap 108 for covering the IC (e.g./ 
an RF-IC) 107 to provide electrostatic shielding, thus posing a 
problem in that it is difficult to achieve miniaturization. 

In particular, a great demand exists for miniaturization 
of mobile telephones, mobile electronic devices, and the like, 
so that a great requirement also exists for high- frequency 
modules and the like for use therein. 

Thus, since the known technology shown in FIG. 1, which 
requires the attachment of the shield cap 108, has difficulty . 
in fulfilling the demand for miniaturization, it has a 
considerable problem. 

Further, since the attachment of the shield cap 108 
requires time and cost, the known technology has difficulty in 
meeting a demand for cost reduction. 

The shield cap 108 also has a disadvantage in that it 
cannot electrostatically shield the bottom-side of the IC 107. 

On the other hand, according to the technology disclosed 
in Japanese Unexamined Patent Application Publication No. 2001- 
77537, there is no need to attach the shield cap 108. An IC, 
such as a RF-IC, is housed in a housing space within a wiring 
board and is electrostatically shielded by wiring films of the 
wiring board. Thus, the technology facilitates miniaturization. 
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Further, since there is no need for a process for attaching 
such a cap, the technology reduces time and cost, compared to 
the known technology shown in FIG. 1. 

Additionally, the technology disclosed in Japanese 
Unexamined Patent Application Publication No. 2001-77537 is 
also advantageous in that it electrostatically shields not only 
the top side but also the bottom side of the !€• 

Japanese Unexamined Patent Application Publication No. 
2001-77537, however, does not provide electrostatic shielding 
against noise penetrating the RF-IC 107 from its side surfaces, 
which therefore does not provide a sufficient electrostatic 
shielding effect. 

SUMMARY OF THE INVENTION 

The present invention has been made to overcome the above- 
described problems, and an object of the present invention is 
to allow housing of a bare IC, such as an IC for 
transmitting/receiving a high -^frequency signal or an IC for 
processing a high-speed digital signal, in a wiring board with 
more secured electrostatic shielding, without an increase in 
size, time, and cost. 

A wiring board according to a first aspect of the present 
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invention has shield wiring films provided above and below an 
internal, bare, semiconductor, integrated circuit device (IC) 
and further has a plurality of shield via-holes {shield 
through-holes) that surround the IC. 

Thus, according to the wiring board, not only can the 
upper and lower sides of the bare IC be electrostatically 
shielded by the upper and lower shield wiring films, but also 
the side surfaces of the bare IC can be electrostatically 
shielded by the plurality of shield via-holes (or shield 
through-holes) that surround the IC. 

Additionally, since there is no need to attach a shield 
cap, it is possible to enhance the electrostatic shielding 
effect without an increase in size, time, and cost. 

According to a second aspect of the present invention, a 
bare IC is directly mounted on upper or lower shield wiring 
films. Other configurations are the same as those described 
above . 

•This arrangement can facilitate heat to be released from 
the RF-IC 8 device forming portion to a surface opposite to the 
surface of the device forming portion. 

When a bare IC is completely shielded by a shield, there 
is a need to provide a notch (hole) since the IC has a portion 
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to which th^ potential of a ground line cannot be adjacent. 
Further, electrodes of the IC need to be extracted to the 
outside of the shield. 

Thus, it is necessary to provide a notch in the wiring 
film above/below the IC or to provide shield via-holes (or 
shield through-holes) with a certain spacing therebetween. 

When the spacing, however, is larger than one half the 
wavelength Xg of a main electromagnetic wave radiated during 
operation of the IC, a portion where the notch or. the like is 
provided acts as a slit antenna to produce radiation. 

Thus, when a notch or spacing, is provided, the gap a 
between the upper and lower shield wiring boards is preferably 
set to less than Xg/2. This can prevent such an unwanted 
radiation and also can eliminate the risk that the portion of 
the gap acts as a slit antenna to produce radiation. 

A guide wavelength Xg will now be described in detail, 
The electromagnetic wave spectrum of a bare IC is measured, and 
Xg is the wavelength of the highest frequency .component of 
considerable spurious noise (for example, image frequency noise 
and a harmonics of 20 dB or more, e.g., for an IC for wireless 
communication) . Naturally,. Xg is a value that allows for an 
in-air compression due to the dielectric constant of a board • 
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(i.e., Xg = Xo/er)^^^, where Xo indicates a guide wavelength in 
a vacuum and er is the relative dielectric constant of a board) . 

A hole may be provided in the shield wiring film. This 
arrangement can prevent the potential of a shield potential- 
point of a ground line or the like from affecting 
characteristics of the bare IC. 

Further, preferably, the diameter or the longitudinal side 
of the hole is shorter than Xg/2, i.e., one half the wavelength 
Kg of a magnetic wavelength to be prevented from radiating. 
This arrangement can eliminate the risk that the portion of the 
hole acts as a, slit antenna to cause reflection. 

The upper and lower wiring films and the plurality of via- 
holes defines a shield cage having a rectangular-parallelepiped 
inner space with height a, width b, and length c (a<b<c) , and 
preferably the wavelength Xg of a magnetic wavelength to be 
prevented from radiating satisfies the relationship 
Ag>2/[{ (l/b)2+{l/c)^}^/^] . 

This arrangement can prevent TExoi resonance, which is the 
basic mode of cavity resonance. The definitions of the height 
a, width b, and length c of the inner space of the shield cage 
are described in detail later with reference to FIGS. 2A,.2B, 
and 2C. 
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A third aspect of the present invention provides a circuit 
module that further includes another IC and a passive component. 

Since an IC and a passive component are provided in 
addition to the bare IC described above, the circuit module can 
provide the same advantages as those of the wiring board of the 
present invention , 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is cross-sectional view showing a known example of 
a circuit module; 

FIG. 2A is cross-sectional view of a circuit module 
according to a first embodiment of the present invention, FIG. 
2B is a perspective view showing a shield cage in a wiring 
board included in the circuit module and FIG. 2C is a plan 
sectional view of the shield cage; and 

FIG. 3A is a cross-sectional view of a circuit module 
according to. a second embodiment of the present invention, FIG. 
3B being a perspective view of a shield cage, in a wiring board 
included in the circuit module, the shield cage being shown 
upside down. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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According to the present invention, in essence, a wiring 
board has a shield cage for electrostatically shielding a bare 
IC. The shield cage is constituted by shield wiring films, 
which are provided above and below the bare IC, and a plurality 
of shield via-holes, which extend through interlayer insulating 
films and which provide electrical connections between the 
shield wiring films. The bare IC may be directly mounted on 
either of the upper and lower shield wiring films. In such a 
case, the shield wiring film on which the bare IC is directly 
mounted serves as both a mounting portion and an electrostatic 
shielding portion. 

A hole needs to be provided in the shield wiring film at 
the bare-IC device forming surface (obverse surface) , that is, 
the upper shield wiring film when the bare-IC device forming 
surface of the shield wiring film is directed upward or the 
lower shield wiring film when the device forming surface is 
directed downward. This holds for a case in which a ground 
line exists in the vicinity of an active surface of the IC and 
the potential of the ground line affects, characteristics of 
the IC. In such a case, in order to prevent radiation, it is 
preferable to set the diameter or longitudinal side of the hole 
to less than Xg/2, as described above. 
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Examples of an IC that is electrostatically shielded 
include a RF-IC for transmitting/receiving a high-frequency 
signal and a high-speed digital IC for processing a high-speed 
digital signal. The present invention, however, is applicable 
to any IC. The following preferred embodiments of the present 
invention will be described in conjunction with an example in 
which a RF-IC for transmitting/receiving a high-frequency 
signal is electrostatically shielded. 

The present invention will now be described in detail in 
conjunction with the embodiments thereof. 

FIGS. 2A to 2C illustrate a circuit module according to a 
first embodiment of the present invention. Specifically, FIG. 
2A is a cross-sectional view of the circuit module, FIG. 2B is 
a perspective view showing a shield cage in a wiring board 
included in the circuit module, and FIG. 2C is a plan sectional 
view of the shield cage. 

In FIG. 2A, reference numeral 2 indicates a circuit module, 
for example, a small-power wireless communication module 
employing the Bluetooth ISM (Industrial, Scientific and 
Medical) band (2.4 GHz band), and reference numeral 4 indicates 
a wiring board. The wiring board 4 has an IC housing space 6, 
in which an RF-IC 8, such as an IC for a transceiver Modem, is 
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housed. 

Reference niimeral 10 indicates wiring films for the wiring 
board 4. The wiring films 10 are made of metal, such as copper. 
Reference numeral 12 indicates an insulating layer, which is 
made of a resin. Reference nximeral 14 indicates via-holes, 
which extend through inter layer insulating films and which 
provide electrical connections between the wiring films 10 
provided at different layers. 

Reference numeral 16 indicates an IC (e.g., a baseband IC 
serving as a control unit) that is mounted on one surface of 
the wiring board 4. Reference numeral 18 indicates a passive 
component {e.g., a resistor, capacitor, balun circuit, crystal 
oscillator, or filter) that is mounted on the surface of the 
wiring board 4 . 

In -FIGS. 2B and 2C, reference numeral 20 indicates a 
shield cage for electrostatically shielding the RF-IC 8. 

The shield cage 20 has an upper flat-plate shield wiring 
film lOu, a lower shield wiring film lOd, and shield via-holes 
14s. The RF-IC 8 is mounted on the bottom surface of the upper 
shield wiring film lOu. . The lower shield wiring film lOd is 
arranged below the RF-IC 8 so as to be in parallel with the 
upper shield wiring film lOu. The shield via-holes 14s are 
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arranged between and adjacent to the sides of the upper shield 
wiring film lOu and the lower shield wiring film lOd to provide 
electrical connections therebetween. 

Reference character d indicates spacing between the 
adjacent via-holes 14s. The shield cage 20 requires spacing, 
for example, for extracting electrodes of the RF-IC 8 to the 
outside, thus making it impossible to hermitically seal the RF- 
IC 8 . In the present embodiment, the spacing between the 
adjacent via-holes 14s are used for extracting electrodes and 
the size of the spacing is indicated by d. 

Reference character a indicates a gap between the upper 
shield wiring film lOu and the lower shield wiring film lOd, 
reference character b indicates a lateral side of an inner 
surface of the shield cage 20, and reference character c 
indicates a longitudinal side of the inner surface of the 
shield cage 20. In this case, the inner surface of the shield 
cage 20 refers to a portion 22 (indicated by a long dashed 
double-short dashed line shown in FIG. 2C) surrounded by all 
the shield via-holes 14s between the upper shield wiring film 
lOu and the lower wiring film lOd. The lateral side (width) is 
denoted by b, and the longitudinal side (length) is denoted by 
c . 
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Needless to say, the upper shield wiring film lOu, the 
lower shield wring film lOd, and the shield via-holes 14s, 
which constitute the shield cage 20, are connected to, for 
example, a ground line (i.e., are grounded). 

The circuit module 2 can prevent the penetration of 
external noise, since the RF-IC 8 is electrostatically shielded 
by the shield cage 20. 

Further, the circuit module 2 does not require the 
attachment of a shield cap, thus making it possible to enhance 
the electrostatic shielding effect without an, increase in size, 
time, and cost. 

Additionally, the circuit module 2 can facilitate heat to 
be released from the RF-IC 8 device forming portion to a 
surface opposite to the surface of the device forming portion, 
since the RF-IC 8 is directly mounted on the upper shield 
wiring film lOu. 

It is preferable that the wavelength Xg of an 
electromagnetic wave to be prevented from radiating satisfy the 
relationship Xg>2/ [ { (l/b) ^+ (1/c) ^}^^^] . 

This is because such an arrangement can prevent TEioi 
resonance, which is the basic mode of cavity resonance. 

It is also preferable to set d (where d>a) to less than 
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Xg/2 in order to prevent the shield cage 20 from functioning as 
a slit antenna. 

FIGS. 3A and 3B illustrate a circuit module according to a 
second embodiment of the present invention. Specifically, FIG. 
3 A is a cross sectional view of the circuit module, and FIG. 3B 
is a perspective view of a shield cage in a wiring board 
included in the circuit module, the shield cage being shown 
upside down. Reference numeral 2a indicates a circuit module 
according to the present embodiment. The circuit module 2a is 
analogous to the circuit module 2 shown in FIG, 2, except that 
a hole 24 is provided in a lower shield wiring film lOd. 

When a ground line is provided in the vicinity of an 
active surface of an IC and the potential thereof affects the 
characteristics of the IC, the hole 24 serves to prevent the 
potential from affecting the IC. When the longitudinal side of 
the hole 24 has a length of Xg/2 or more, the hole 24 acts as a 
slit antenna to cause reflection. Thus, it is preferable that 
the longitudinal side be set to less than Xg/2. 

Reference numeral 26 indicates a printed wiring board, on 
which the circuit module 2a is mounted. Reference numeral 28 
indicates a wiring film that serves as a groxind line in the 
printed wiring board 26. Reference numeral 30 indicates 
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through-holes . 

The circuit module 2a offers the same advantages as the 
circuit module 2 shown in FIG, 1. In addition, since the lower 
shield wiring film lOd has the hole 24 at a portion 
corresponding to an active portion of the RF-IC 8, the circuit 
module 2a can eliminate or reduce the influence of the 
potential of the ground line upon the active portion of the RF- 
IC 8, 

Additionally, 3etting the diameter or longitudinal side of 
the hole 24 to less than Xg/2, as described above, can 
eliminate the risk that the portion of the hole 24 acts as a 
slit antenna to cause reflection. 



